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Scope Microscopic approach GCM MRM α UCOM Results Conclusions

Scope

I We want to study the elastic scattering between light nuclei seen as
clusters. In partular, we want to study α + α.

I We follow a microscopic approach to calculate the elastic phase
shifts.

I We would like to obtain a predictive model...

but the way to reach it
is still long.
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Jérémy Dohet-Eraly jdoheter@ulb.ac.be 2010 IAP BriX day ULB

Microscopic calculations of elastic scattering



2/19

Scope Microscopic approach GCM MRM α UCOM Results Conclusions

Scope

I We want to study the elastic scattering between light nuclei seen as
clusters. In partular, we want to study α + α.

I We follow a microscopic approach to calculate the elastic phase
shifts.

I We would like to obtain a predictive model... but the way to reach it
is still long.
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Microscopic approach

Schrödinger’s equation for a system of A nucleons :

HΨ(1, 2, . . . ,A) = EΨ(1, 2, . . . ,A)

with

H =
A∑

i=1

p2
i

2m
− P2

cm

2Am
+

A∑
i<j

[
vN(i , j) + vC (i , j)

]
.

vN(i , j)? Ψ?
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Nuclear potential

There are two possibilities

I An effective potential suitable for clusters calculations containing
two parameters adjusted for each collision.

I A realistic interaction deduced from two-body scattering and the
properties of deuton.

Effective Realistic
Calculations analytically numerical,heavy
Agreement with experiment good α+nucleon less good
Fit Yes ”No”
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GCM

Generator Coordinate Method

The GCM [ Horiuchi, Prog. Phys. 62 (1977) 90 ] is a variational method in
which the wave function is expanded into

Ψ =
∑
R

fRψ(R)

ψ(R) =

PJ
MPπAφ1φ2g(R)

I φ1 : Slater determinant of 0s states of harmonic oscillator

I φ2 : Slater determinant of 0s states of harmonic oscillator

I g(R) : Gaussian
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GCM

Generator Coordinate Method
The GCM [ Horiuchi, Prog. Phys. 62 (1977) 90 ] is a variational method in
which the wave function is expanded into

Ψ =
∑
R

f JπR ψJMπ(R)

ψJMπ(R) = PJ
MPπAφ1φ2g(R)

I J : total angular momentum

I M : projection of the total angular momentum

I π : parity

I Problem :

g(R) is Gaussian. So, the wave function has not the
correct asymptotic behavior of a scattering function.

I Solution :

the Microscopic R-Matrix [ Baye and Heenen, Nucl.

Phys. A 233 (1974) 304 ].
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Jérémy Dohet-Eraly jdoheter@ulb.ac.be 2010 IAP BriX day ULB

Microscopic calculations of elastic scattering



6/19

Scope Microscopic approach GCM MRM α UCOM Results Conclusions

GCM

Generator Coordinate Method
The GCM [ Horiuchi, Prog. Phys. 62 (1977) 90 ] is a variational method in
which the wave function is expanded into

Ψ =
∑
R

f JπR ψJMπ(R)

ψJMπ(R) = PJ
MPπAφ1φ2g(R)

I J : total angular momentum

I M : projection of the total angular momentum

I π : parity

I Problem :

g(R) is Gaussian. So, the wave function has not the
correct asymptotic behavior of a scattering function.

I Solution :

the Microscopic R-Matrix [ Baye and Heenen, Nucl.

Phys. A 233 (1974) 304 ].
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MRM

R-matrix

-
ρa0

Internal region External region
Microscopic description Macroscopic description

Ψint =
∑

R f JπR ψJMπ(R) Ψext = φ1φ2 (cos(δl)Fl(kρ)

+ sin(δl)Gl(kρ))

Antisymmetrization neglected
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Description of the particule α by the cluster of Gaussians, is it good?

I For an effective potential (Minnesota), the energy is around
−24 MeV (exp : −28.30 MeV). It is quite good but the potential is
fitted specially for this choice of cluster.

I For a realistic potential (Argonne AV18), the energy is around
+20 MeV but the potential is fitted for the proton-nucleon collisions
up to 350 MeV, not for this cluster.

I The realistic potential is more physical but this cluster is not suitable

because of the repulsive core of the potential and its tensor
component. Indeed, a Gaussian nucleon wave function is not
suitable for the repulsive core and the tensor component of the
potential has no effect on the α energy with this type of cluster.

I To solve this problem, we have to make more complex the cluster.
One solution is the Unitary Correlation Operator
Method [ Feldmeier, Neff, Roth and Schnack, Nucl. Phys. A 632 (1998)

61, Neff and Feldmeier, Nucl. Phys. A 713 (2003) 311 ].
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Unitary Correlation Operator Method
The principle of the UCOM is to insert the correlation with a unitary
operator C in an uncorrelated state |ψ〉

|ψ̃〉 = C |ψ〉.

C is defined as the product of a radial unitary correlator Cr and a tensor
unitary correlator CΩ

C = CΩCr .

Cr = exp

−i A∑
i<j

∑
ST

1

2

[
sST (rij)prij + prij sST (rij)

]
ΠST

 .
CΩ = exp

−i A∑
i<j

∑
T

ϑT (rij)s12(rij ,pΩij
)ΠT

 .
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Let a two-nucleon state be

φ1(r1)φ2(r2) = φrel(r12)φcm(rcm)

with

r12 = r2 − r1 and rcm = (r1 + r2)/2

φcm(rcm) is invariant by correlation. Let φrel(r12) = e−r
2
12 |LSJM〉 be with

L = 0, S = 1 and J = 1.
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Jérémy Dohet-Eraly jdoheter@ulb.ac.be 2010 IAP BriX day ULB

Microscopic calculations of elastic scattering



12/19

Scope Microscopic approach GCM MRM α UCOM Results Conclusions

UCOM is able to creates an effective realistic interaction since

〈ψ̃|H|ψ̃〉 = 〈ψ|C †HC |ψ〉.

I C †HC has the same eigenvalues than H and it is phase equivalent to
H.

I Morever, for the used correlator, C †HC has the same symmetries
(reflexion, rotation and time reversal) than H.

I Advantages of C †HC : repulsive core is softer, more suitable for the
GCM basis .

I Drawback of C †HC : It contains three and more-body terms even if
H is limited to two-body terms.

I C †HC = H̃ [1] + H̃ [2] + H̃ [3] + . . .

I Approximation : we neglect three and more-body terms.
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Jérémy Dohet-Eraly jdoheter@ulb.ac.be 2010 IAP BriX day ULB

Microscopic calculations of elastic scattering



13/19

Scope Microscopic approach GCM MRM α UCOM Results Conclusions

Phase shifts

α + n

 0

 30

 60

 90

 120

 150

 180

 0  2  4  6  8  10  12  14

P
h
a
s
e
 
s
h
i
f
t
(

°)

E (MeV)

1/2
+

1/2
-

3/2
-

exp
AV8’
AV18

The experimental data come from [ Morgan and Walter, Phys. Rev. 168 (1968) 1114 ].
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Conclusions

I Good agreement between calculations and experiments is possible

BUT the hamiltonian AND the wave function have to be fit each
other.

I To use a realistic interaction, we have to use a realistic wave
function. It is a very heavy task.

I Here, we used an approximate realistic interaction (limited to
two-body terms) and a simplified wave function (Gaussians).

I The agreement is quite good but needs a partial adjustment of
correlations.

I The final aim is to take account of three-body interactions and to
make more complex the wave function while keeping the good
agreement without fit.
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Jérémy Dohet-Eraly jdoheter@ulb.ac.be 2010 IAP BriX day ULB

Microscopic calculations of elastic scattering



17/19

Scope Microscopic approach GCM MRM α UCOM Results Conclusions

Conclusions

I Good agreement between calculations and experiments is possible
BUT the hamiltonian AND the wave function have to be fit each
other.

I To use a realistic interaction, we have to use a realistic wave
function. It is a very heavy task.

I Here, we used an approximate realistic interaction (limited to
two-body terms) and a simplified wave function (Gaussians).

I The agreement is quite good but needs a partial adjustment of
correlations.

I The final aim is to take account of three-body interactions and to
make more complex the wave function while keeping the good
agreement without fit.

Jérémy Dohet-Eraly jdoheter@ulb.ac.be 2010 IAP BriX day ULB

Microscopic calculations of elastic scattering



17/19

Scope Microscopic approach GCM MRM α UCOM Results Conclusions

Conclusions

I Good agreement between calculations and experiments is possible
BUT the hamiltonian AND the wave function have to be fit each
other.

I To use a realistic interaction, we have to use a realistic wave
function. It is a very heavy task.

I Here, we used an approximate realistic interaction (limited to
two-body terms) and a simplified wave function (Gaussians).

I The agreement is quite good but needs a partial adjustment of
correlations.

I The final aim is to take account of three-body interactions and to
make more complex the wave function while keeping the good
agreement without fit.
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